Schizophrenia is a phenotypically heterogeneous and poorly understood disorder. While its etiology is likely multifactorial, immune system dysfunction has increasingly been implicated in its development. As hallucinations and delusions occur frequently and prominently in autoimmune encephalitis (AE), numerous studies have sought to determine whether a small subset of individuals diagnosed with schizophrenia possess anti-neuronal antibodies implicated in AE. Exploring this possibility is of clinical relevance, as identifying individuals with AE who have been misdiagnosed as having a primary psychotic disorder may allow for the implementation of appropriate immune-related therapies as early as possible in the course of the illness, in order to optimize outcomes, reduce illness chronicity, and minimize adverse events. This qualitative review serves to provide an overview of the existing literature on this topic, as well as to update previously published reviews. Although there is some evidence to suggest that in rare cases AE may be misdiagnosed as a primary psychotic disorder, particularly early in the course of the illness, numerous methodological differences between studies likely account for the highly variable findings, and interpretation of the results is particularly limited by a paucity of cerebrospinal fluid data. Moreover, the prevalence of misdiagnosis in chronic and treatment-resistant populations remains understudied. This is particularly problematic, as treatment resistance may represent an enriched population with respect to the presence of anti-neuronal antibodies, and given that such patients have few evidence-based treatment options available to them beyond clozapine.
Introduction
Schizophrenia is a phenotypically heterogeneous and potentially debilitating illness [1] . While a variety of etiological and pathophysiological abnormalities have been implicated in its development, it remains a poorly understood disorder [2] . In recent years, multiple lines of evidence have identified, albeit inconsistently, a variety of immune system abnormalities in individuals diagnosed with schizophrenia spectrum disorders, including elevated levels of pro-inflammatory cytokines, abnormalities in T cells, and evidence of increased microglial activity [3] .
Moreover, the risk alleles most strongly associated with schizophrenia in genome-wide association studies map onto the major histocompatibility complex, a region of chromosome 6 that contains numerous genes known to have immune-related functions [4] . There is also limited evidence to suggest that a number of anti-inflammatory agents may be efficacious in treating the symptoms of schizophrenia when used adjunctively with antipsychotics [3] . However, perhaps the most clinically relevant example of the association between the immune system and psychosis is that of autoimmune encephalitis (AE). AE refers to a group of autoimmune disorders characterized by the generation of antibodies directed against a variety of neural substrates in the brain, resulting in a constellation of symptoms that may include any combination of cognitive changes, seizures, abnormal movements, autonomic instability, and an altered level of consciousness, often in addition to early and prominent symptoms of psychosis [5] [6] [7] . While diagnostic criteria that rely on neurological examination and standard diagnostic tests have recently been developed in order to facilitate the prompt diagnosis and treatment of AE [8] , isolation of antibodies in the serum and cerebrospinal fluid (CSF) allows for diagnostic confirmation and refinement. AE can be broadly divided into two categories, according to whether the antigenic target is intracellular or extracellular (cell surface) [5] . The intracellular type is usually neoplastic in nature, whereas extracellular AE may or may not be associated with cancers [5] . Additionally, only in the extracellular form are the antibodies thought to be directly pathogenic, and this variety of AE is associated with a better prognosis [5] . The most commonly tested and clinically relevant extracellular antibodies are of the immunoglobulin G (IgG) isotype and are directed against the following proteins: N-methyl-D-aspartate receptor (NMDAR), leucine-rich glioma inactivated-1 (LGI1), contactin-associated protein-2 (CASPR2), alpha-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid receptor (AMPAR), gamma-aminobutyric acid B receptor (GABA B R), and dipeptidyl-peptidase-like protein-6 (DPPX). The NMDA and AMPA receptors are ionotropic glutamate receptors, LGI1, CASPR2, and DPPX are proteins associated with voltagegated potassium channels (VGKC), and GABA B R is a type of metabotropic GABA receptor.
Due to the prominence of psychotic symptoms in AE, and given that psychosis may be the first clinical manifestation of the illness [6] , there is concern that AE may be misdiagnosed as schizophrenia in a subset of patients. This is important given that the treatments for the two disorders differ; whereas schizophrenia is primarily managed using antipsychotic medications that have variable actions on an array of neurotransmitter receptors [9] , AE is known to respond to treatments targeting the immune system, including steroids, intravenous immunoglobulin, and plasmapheresis. As such, it is imperative that psychiatrists consider the possibility of AE when confronted by atypical signs and/or symptoms that are inconsistent with a diagnosis of a primary psychotic disorder. Atypicality may relate to age of onset, rapidity of symptom development, the sensory modality within which perceptual disturbances occur, or the presence of uncommon or unusual associated symptoms, particularly neurological symptoms, such as those mentioned previously. However, even in the absence of atypicality, concern exists that misdiagnosis may still occur in rare cases. This is a particularly worrisome possibility in chronic and treatmentresistant populations, where the correct and underlying diagnosis of AE may not ever be expected to declare itself, based on our conventional phenotypic conceptualization of the disease. If true, it stands to reason that such patients may never have access to indicated and potentially effective immune-related treatments. With all of this in mind, this review is meant to summarize the existing literature that has examined the prevalence of anti-neuronal cell surface antibodies, commonly implicated in AE, in schizophrenia spectrum populations.
This review aims to categorize the results of all previous studies that have tested schizophrenia populations for antineuronal antibodies, according to antibody positivity for each antigenic target, relevant receptor subunit, and immunoglobulin isotype, while differentiating between serum and CSF samples, in the context of control data, where available. Also, this review serves as a timely update as multiple studies, including two that report CSF findings, have been published very recently. Previous meta-analyses will also be summarized. We have chosen to limit our review to include research involving only those antibodies that are associated with well-described encephalidities for which laboratory testing is commercially available, as these represent the most clinically relevant illnesses that may underlie a subset of patients diagnosed with schizophrenia. Nonetheless, it is important to note that the studies reviewed here used variable methods for antibody detection, and this will be addressed where relevant.
Our literature search was conducted in February 2019. Only English-language papers were retrieved using PubMed, and search terms included: "autoimmune", "autoimmunity", "autoimmune encephalitis", "antibodies", "NMDA", "AMPA", "GABA B ", "CASPR2", "LGI1", or "DPPX", in combination with the terms "schizophrenia", DOI: 10.1159/000499714 "psychosis", "psychotic", "hallucinations", or "delusions". Reference lists of retrieved papers, including review papers and meta-analyses, were screened for additional papers of relevance. Only articles involving human participants were included. Only studies that tested the CSF and/or serum of individuals diagnosed with a primary psychotic disorder for at least one of the aforementioned anti-neuronal antibodies were included. All but three retrieved studies, which used their own inclusion criteria for defining a first episode of psychosis, reported using the Diagnostic and Statistical Manual of Mental Disorders (DSM) or the International Classification of Diseases (ICD) diagnostic criteria for primary psychotic disorder diagnoses. A total of 4,568 articles were identified and screened, and 33 articles, including three meta-analyses, were deemed appropriate and were included in the review (Fig. 1) .
Results

Serum Studies
Results from studies that have screened the serum of individuals with schizophrenia spectrum disorders for the aforementioned antibodies have produced mixed results. The results of such studies are organized according to antibody.
Anti-NMDAR
While some studies have found IgG antibodies directed against the NMDAR NR1 subunit in a small subset of individuals with schizophrenia spectrum disorders (0.6-11.6%) [10] [11] [12] [13] [14] [15] [16] , other studies have not [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . The frequency of antibody positivity was around 5% or less in all but one study [13] and was less than 1% in two studies [11, 12] . Of the studies that produced positive results, five included a healthy control group for comparison [10] [11] [12] [13] 15] , and two of these studies, in addition to further testing in one of them, also identified antibodies in 0.4-1.2% of healthy controls [11, 12, 30] , making interpretation of the results difficult. No group differences in seroprevalence were found, where reported.
Neither the specific antibody detection methods used nor the diagnostic variability across studies appear to account for the discrepant results. Of the seven positive studies, four used a commercially available fixed cell-based assay (CBA) [10] [11] [12] 16] , two used a live CBA [13, 15] , and one used both, as well as a single molecule-based imaging method, for the sake of comparing approaches [14] . The majority of negative studies also used the same aforementioned commercially available CBA (or a modification of it) [17] [18] [19] [20] [21] [22] [24] [25] [26] [27] [28] [29] , and four of these studies also included immunohistochemistry for further testing [19, [26] [27] [28] . Two negative studies, including one previously referenced study that also used the commercial CBA kit for testing some of its sample, used in-house CBAs [22, 23] . Similarly, consideration of the antibody detection method used in only those positive studies that included a healthy control group for comparison is mostly unrevealing. Specifically, a fixed CBA was used in the two studies that found seropositivity among both healthy control and patient groups [11, 12] , as well as in one of the three studies that only found seropositivity in the patient group but not in the control group [10] ; the other two studies used live CBAs [13, 15] . However, it should be noted that the follow-up study to that by Steiner et al. [10] did also find seropositivity in a small number of control participants using the same commercially available fixed CBA [30] . As many of the studies that yielded positive results included a diagnostically heterogeneous sample of primary psychotic disorder patients, but did not report which specific diagnostic groups accounted for the observed seropositivity, it remains unclear to what degree diagnostic variability among studies may have contributed to the conflicting results. Nonetheless, given the available information, diagnostic differences between samples do not appear to be responsible. For instance, although the vast majority of negative studies included patients with DSM IV, DSM IV-TR, DSM 5, or ICD-10 schizophrenia diagnoses, among numerous other diagnoses, so too did most of the positive studies [10-12, 14, 16] , and two of these studies explicitly reported finding antibody positivity in patients with a diagnosis of schizophrenia [10, 14] . Additionally, although the other two positive studies did not report antibody positivity results according to diagnosis, they only included patients with schizophrenia and schizoaffective disorder [11, 12] . Other diagnoses explicitly reported to be associated with antibody positivity include cannabis-induced psychosis, "acute and transient psychotic disorder" and bipolar affective disorder [16] , schizophreniform disorder [14, 16] , and first-episode psychosis, defined as having a score of at least 4 on one of numerous positive symptom Positive and Negative Syndrome Scale (PANSS) items [15] . Finally, no clear diagnostic pattern emerges when comparing those studies that found seropositivity in patients but not in healthy controls to those that found seropositivity in both groups. The former included patients with first-episode schizophrenia [10] , first-episode psychosis, defined according to the aforementioned criteria [15] , and a paediatric sample comprised of patients with a "schizophrenia spectrum disorder" or "affective psychosis" [13] , and the latter included patients with schizophrenia or schizoaffective disorder [11, 12] .
A number of studies have also found immunoglobulin A (IgA) or immunoglobulin M (IgM) antibodies in a small proportion of patients (2.3-6.6%) [10] [11] [12] [13] 24] ; a finding of unknown clinical significance. These antibodies were also found in a small proportion of healthy controls (0.4-6.3%) in all but one of the studies that included a control group [10] [11] [12] , further complicating interpretation of the results. Additionally, one study that screened for IgA and IgM antibodies was negative [27] . Finally, a few other studies that either screened for antibodies against the NR1a/NR2b receptor subunit [10, 31] , NR2a/ NR2b subunit [32] , or non-specifically for both NR1 and NR2 subunits [33] [34] [35] [36] , have found seropositivity in a small percentage of patients. As only antibodies directed against the NR1 subunit are known to produce anti-NM-DAR encephalitis, the clinical relevance of these findings remains unclear.
Anti-AMPAR
Results have been less compelling for anti-AMPAR antibodies, as the majority of studies have been negative [10, 15, 18, 20, 23, 26, 28, 29] . Moreover, in each of the two positive studies, antibodies were found in only one patient (< 1% of the samples) [11, 24] , and the only study that included a healthy control group also found antibodies in 0.2% of controls [11] . Notably, of these two studies, only Schou et al. [24] specified testing for antibodies of the IgG isotype.
Anti-LGI1/Anti-CASPR2
A number of studies that tested for IgG, IgA, or IgM anti-CASPR2 antibodies found seropositivity in a small percentage (2.5% or less) of patients [11, 15, 24, 29, 36] , although numerous other studies were negative [16, 18, 20, 26, 28] . Of note, all of the positive studies that included a healthy control group, however, also found antibodies in a small number of controls (up to 2.9%), and no group differences were found [11, 15, 36] .
Only three studies found anti-LGI1 antibodies in a small subset of schizophrenia spectrum disorder patients (2.0% or less) [11, 15, 36] , whereas six studies were negative [16, 18, 20, 24, 26, 29] . All of the positive studies included a healthy control group for comparison, two of which found anti-LGI1 antibodies in a small number of healthy controls (2% and < 0.1%, respectively), and no group differences were found [11, 36] .
Anti-GABA B R
All six studies that have screened for antibodies against GABA B R have been negative [11, 18, 24, 26, 28, 29] . Anti-DPPX Only two studies have screened for antibodies against DPPX. While one study was negative [28] , the other study found only one positive case in both the schizophrenia group as well as the healthy control group [11] . In both groups this represented less than 0.1% of the individuals tested.
Meta-Analyses
Three meta-analyses have been completed over the past few years to help make sense of the variability in the aforementioned serum results. With respect to the antibodies of interest in this paper, all three of the meta-analyses included only NMDAR antibody data in their analyses [37] [38] [39] , and none were published recently. As such, many of the aforementioned studies are not captured by these metaanalyses. Nonetheless, although the approaches differed somewhat, all three studies found some evidence of significantly increased NMDAR antibody seropositivity in psychotic patients in comparison to controls. However, one of these studies also found significant results when comparing bipolar disorder and major depressive disorder groups to controls [38] . Interestingly, likely in part due to methodological differences, while Pearlman et al. [38] concluded that their positive findings were not due to an increased prevalence of IgG antibodies in these patient groups, the antibody isotype responsible for causing anti-NMDAR encephalitis, Pollak et al. [39] found that only IgG antibodies, and not IgA or IgM antibodies, were more prevalent in psychotic patients in comparison to controls.
CSF Studies
To date, four studies that have screened individuals with schizophrenia spectrum disorders for the aforementioned antibodies have included CSF findings [10, 16, 29, 40] , and three have yielded positive results [10, 16, 40] . The methodological details of these studies are outlined in Table 1. The first study, published by Steiner et al. [10] , utilized samples from a blood bank, and initially tested only the serum of 121 schizophrenia patients for IgG, IgA, and IgM antibodies against the NMDA and AMPA receptors. CSF testing was subsequently completed in IgG-seropositive cases, which included four participants with antibodies against the NMDA receptor, two of which had antibodies against the NR1a receptor subunit and two against the NR1a/NR2b subunit. CSF testing confirmed antibody positivity for the two NR1a-positive patients, and these individuals were reclassified as having anti-NMDAR encephalitis. Although neurological symptoms did eventually develop in each case, both individuals had experienced a prior episode of psychosis. Of note, it is reported that one of these patients received immunotherapy after the diagnosis of anti-NMDAR encephalitis was made, and subsequently clinically improved. Scott et al. [16] prospectively screened the serum of 113 first-episode psychosis patients for IgG antibodies against the NMDAR and VGKC, and in seropositive cases referrals to neurological or immunological services were made for consideration of further evaluation and treatment. Four participants were seropositive for anti-neuronal antibodies against the NMDA receptor; in three of these four participants, antibodies were also found in the CSF. Within a week, two of these participants quickly developed neurological symptoms consistent with an encephalitis, whereas one continued to only have psychiatric symptoms; the duration of untreated psychosis for this individual was 70 days. All three individuals reportedly achieved remission of their psychotic symptoms following immunotherapy. One additional participant was seropositive for anti-VGKC antibodies, although CSF testing was negative. Interestingly, however, this individual also reportedly responded to immunotherapy. In contrast to relying on seropositivity to guide CSF analysis, two retrospective studies reported the results of CSF testing in all participants, where possible. The first of these included psychotic patients who had a variety of diagnoses; CSF results for IgG NMDAR and VGKC antibodies were available for 125 participants, and 96 participants were tested for AMPAR and GABA B R antibodies [40] . In four cases, antibody testing was positive (three for anti-VGKC and one for anti-NMDAR), and these participants had been diagnosed with either a "schizophreniform syndrome" or a "schizoaffective syndrome". Further clinical details, however, including duration of illness or subsequent treatment with immunotherapy, were not provided. Of note, only one of these individuals (who was positive for VGKC antibodies) had exclusively psychiatric symptoms, without any eventual neurological manifestation of their illness. Lastly, Oviedo-Salcedo et al. [29] retrospectively evaluated CSF anti-neuronal antibody data in 124 individuals with schizophrenia spectrum disorders, some of whom also had results from serum testing available. The sample included both first-episode patients as well as those with recurrent illness, and 24.2% of the sample had reportedly received clozapine previously. None of the participants had any neurological signs or symptoms suggestive of AE. Antibodies tested included those against NMDAR, AMPAR, CASPR2, LGI1, and GABA B R, and CSF testing was negative in all cases. In two cases, low-titre antibodies against CASPR2 were found in the serum. Of note, none of these studies included control CSF data for comparison. 
Discussion
There is currently inconsistent and conflicting evidence with respect to the role of anti-neuronal antibodies in the pathophysiology of psychosis in schizophrenia spectrum disorders, and this is likely in part due to methodological differences between studies. Nonetheless, there is currently little evidence from studies that only tested serum to suggest that antibodies directed against AMPAR, GABA B R, LGI1, CASPR2, or DPPX, or IgA/IgM NMDAR antibodies, underlie the symptoms of a subset of patients with schizophrenia spectrum disorders, as most studies were either negative, or found positive results for both patients and healthy controls. However, there does appear to be some, albeit inconsistent, evidence implicating IgG antibodies directed against the NR1 subunit of the NMDA receptor in this context, and although the reason for the variable results of such studies remains unknown, it is likely multifactorial in nature. Possible contributory factors include the lack of a control group in many studies, variability in terms of diagnosis and illness chronicity (frequently not reported in detail), and differences among studies with respect to how antibodies were tested, making interpretation of the results difficult, particularly given that there is ongoing debate about the most sensitive and specific methods for antibody detection. Regarding the latter point, the most frequently used method in the reviewed studies (the commercially available fixed CBA) is believed to have high specificity but lower sensitivity [14, 41] . Considering this, it is curious that those studies that found seropositivity in both patients and controls tended to use the commercial CBA, whereas those that only found seropositivity in patients used live CBAs. This arguable exception notwithstanding, overall none of these methodological issues appear to independently explain the inconsistent findings. With this in mind, perhaps one of the biggest issues relates to the subjective nature of the interpretation of antibody testing [27] , rather than to the particular antibody detection method used. It has been suggested that relying on any single method of detecting antibodies in serum may increase the risk of false-positive and false-negative results [27] . Notably, while three studies that included multiple antibody detection methods were entirely negative [19, 26, 27] , one study that included both live and fixed CBAs found seropositivity using both assays, but the authors do highlight that the choice of CBA influenced the results [14] . While the selection and interpretation of antibody detection methods may be an ongoing point of debate, the inclusion of a control group can help make sense of findings and assist in safeguarding against the misinterpretation of false-positive results. As such, perhaps the most informative serum studies that support the notion that a small subset of patients with a primary psychotic disorder possess anti-neuronal antibodies are those that found antibody positivity in a small number of patients, but not in healthy controls. Still, it is interesting that key methodological features differ between these studies, and moreover, do not clearly set them apart from other reviewed studies that yielded ambiguous or negative results. Perhaps most importantly, the sensitivity and specificity associated with testing serum for anti-neuronal antibodies is lower than that of CSF testing, and in general should not be relied upon for the clinical diagnosis of AE [5, 7] . One possible exception to this is that CSF testing may be less sensitive for LGI1 and CASPR2 antibodies [42] . Relatedly, peripheral antibodies are theoretically not directly pathogenic, and rather must infiltrate the CSF to act on neural tissue. As such, the effects of antibodies in the serum may depend on the integrity of the blood-brain barrier in individual cases [43] ; a variable not considered or studied in most of the aforementioned papers. Given the generally superior sensitivity and specificity associated with testing CSF in comparison to serum in the diagnosis of AE, we argue that the most clinically relevant studies to date are those that have included CSF data, and particularly those that have included both CSF and serum data. In comparison to the three positive studies, the reason for the negative results in the study by Oviedo-Salcedo et al. [29] remains unclear, particularly given that it included a reasonably large sample comprised of a variety of primary psychotic disorder diagnoses, including some found to be associated with antibody positivity in other studies (i.e. schizophrenia, schizoaffective disorder, and "acute and transient psychotic disorder"), and given that it tested for a fairly comprehensive panel of anti-neuronal antibodies, using the same commercially available CBA frequently used in other studies. As mentioned, it is possible that differences in the interpretation of the assay may have played a role. Nonetheless, the results of the CSF studies taken as a whole suggest that in rare cases, AE, and particularly anti-NMDAR encephalitis, may be misdiagnosed as a primary psychotic disorder, at least early in the course of the illness. However, given that the duration of untreated psychosis was either quite short or unclear for the CSFpositive patients in these studies, neurological symptoms either did develop or may have soon developed in such cases, making it unlikely that such patients would have continued to be diagnosed with a primary psychotic disorder for long periods of time. As mentioned previously, non-psychiatric symptoms that should alert clinicians to the possibility of anti-NMDAR encephalitis include cognitive impairment, an altered level of consciousness, abnormal movements, seizures, and eventually autonomic instability.
What is not clear from the evidence is whether seemingly chronic or treatment-resistant schizophrenia popu- lations have an unappreciated autoimmune burden, contributing to the lack of response to treatment. It is possible that monosymptomatic forms of AE exist that involve purely psychotic presentations for much longer periods of time than previously expected. Interestingly, an observational anti-NMDAR cohort study supports this possibility [44] , as psychiatric symptoms, including psychosis, were found in isolation in a small subset of AE patients for as long as 60 weeks, without the development of neurological symptoms. These individuals ranged in age between 13 and 46 years, with a mean age of approximately 23 years, and their symptoms included delusions, auditory and visual hallucinations, mania, and aggression, among others. Immunotherapy was given in four of five cases, and all four patients reportedly achieved and maintained a full recovery at 24-to 37-month follow-up. While approximately 0.9% of this AE cohort had only psychiatric symptoms, this type of study is unable to provide any information regarding the prevalence of misdiagnosed AE in schizophrenia populations. Rather, studies screening the serum and CSF for the aforementioned antibodies in chronic and treatment-resistant schizophrenia patients are needed to address this question. Doing so in treatment-resistant patients, and particularly in clozapine-resistant patients, is especially important, as few evidence-based treatment options exist beyond clozapine in the context of treatment resistance [9] , and those identified as having a clinically actionable autoimmune component to their illness may benefit from immunotherapy. Moreover, treatment-resistant patients may represent an enriched population with respect to the presence of antineuronal antibodies, as such individuals presumably have unique pathophysiological characteristics underlying their illness, in comparison to those who respond to antipsychotic therapy.
Given the real-world implications of determining the potential association between clinically actionable autoimmune disease and treatment-resistant symptoms in the context of primary psychotic disorders, it is recommended that future research focus on prospectively screening both the serum and CSF of treatment-resistant patients for the aforementioned antibodies commonly implicated in AE. Additionally, incorporating other biomarker data into such research may allow for the further subcategorization of patients, and in turn improve our ability to predict which individuals are most likely to have an autoimmune process underlying their illness. Moreover, such research may provide the foundation for the eventual development of clinical trials of various immunotherapies in AE patients with exclusively psychotic symptoms.
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